The effect of five lysosomotropic weak bases (chloroquine, amantadine, tributylamine, methylamine and NH4CI) on Semliki Forest virus (SFV) infection has been studied in BHK-21 cells. When present at concentrations equal to or greater than 0-1, 0.5, 2, 15 and 15 mM respectively, the agents inhibited SFV infection by more than 90%. The effect was reversible and involved a process occurring within the first 60 min of virus-cell contact. The agents did not have a direct virucidal effect nor did they affect virus binding to the cells, receptor-mediated endocytosis of prebound virus, intracellular distribution of virus after endocytosis, or the low pH-induced membrane fusion activity of the virus spike glycoproteins. The step blocked by chloroquine and NH4CI occurred intracellularly and was identified as the release of the virus nucleocapsid into the cytoplasm or the uncoating process. On the basis of these results, our previous studies on SFV entry, and the known effects of lipophilic amines on lysosomes, we conclude that the agents affect entry by a common mechanism: they prevent the transfer of the virus nucleocapsid into the cytoplasm by increasing the lysosomal pH above the critical value needed to trigger a low pH-dependent fusion reaction between the membranes of the tysosome and the virus.
INTRODUCTION
Semliki Forest virus (SFV), an alphavirus, infects cells by an endocytotic route. The viruses are internalized by receptor-mediated endocytosis in coated vesicles and delivered into intracellular vacuoles (Helenius et al., 1980a, b; Marsh & Helenius, 1980) . Our results suggest that the virus genome penetrates into the cytoplasm by fusion between the virus membrane and the limiting membrane of the secondary lysosome to which the viruses are directed (Helenius et al., 1980 a, b; . The fusion reaction is probably triggered by the low pH in the lysosomes (Helenius et al., 1980a, b; . Experiments using a lysosomotropic weak base, chloroquine, indicated that lysosomes are important in the endocytotic infection route observed at neutral pH (Helenius et al., 1980a, b; Talbot & Vance, 1980) . In addition, infection could be induced directly through the plasma membrane, but only when the pH of the medium is adjusted to 6 or below. In this case the membrane of the virus fuses with the plasma membrane and the nucleocapsid is introduced into the cytoplasm .
In this paper we have studied the effect of five lysosomotropic weak bases: chloroquine, transferred quantitatively to 2.2 ml Eppendorf tubes at 0 °C and pelleted for 30 s in a Beckman microfuge at 4 °C. The supernatant was aspirated and 0.5 ml fresh H buffer with 1 mM-EDTA was added. The cells were passed 30 times through a 24 gauge injection needle at 0 °C which resulted in more than 99% lysis. A mixture of ribonucleases, containing 300 ~tg pancreatic RNase A (Sigma), 30 /~g RNase T (Sigma) and 75 #g micrococcal nuclease (Boehringer, Mannheim GmbH), in 0.1 ml PBS was added to each sample and the samples warmed to 37 °C for 30 min. Parallel sets of cells were used without added nuclease to give the background breakdown by cellular nucleases. The tubes were finally cooled to 0 °C, the samples precipitated by adding an equal volume of 20% TCA for 1 h at 0 °C, and the soluble radioactivity determined as above. Experimental samples containing 20 mM-NH4CI or 0.1 mM-chloroquine in all solutions were run in parallel.
Fluorescence microscopy and electron microscopy. Cells were grown at low density on glass coverslips (11 mm diam.) in 24-well Linbro plates. After washing, the cells were cooled to 0 °C and fluorescein-labelled SFV (1 /~g protein per coverslip) was added in 20/A 0 °C MEM pH 6.8 containing 0.2% BSA. The virus was allowed to bind for 1 h at 0 °C in the presence or the absence of inhibitors, after which the cells were washed with medium and transferred to 37 °C, where internalization was allowed to proceed for 1 h. After fixation with 2.5% paraformaldehyde in PBS for 10 min, the cells were observed in a Zeiss epifluorescence microscope using the 100X Planapo lens. Kodak Tri-X film was used for photography. For electron microscopy the cells were fixed with 2-5% glutaraldehyde. Dehydration, embedding, sectioning and staining with uranyl acetate were performed as described previously . Infection by endocytosed virus. Two 24-well Linbro trays containing slightly subconfluent BHK-21 cell monolayers were washed with 1 ml BM medium and cooled to 0 °C. SFV (20 p.f.u./cell) in cold BM containing either no inhibitor, 20 m~a-NH4C1 or 0.1 mM-chloroquine was added and the virus allowed to bind at 0 ° C for 1 h with slow rocking. The medium in one of the plates was removed and replaced with 2 ml 37 °C BM medium (with or without the indicated inhibitors) and the plate placed at 37 °C for 10 min in a CO 2 incubator, after which the cells were cooled to 0 °C. The media in both trays was then replaced with 0.25 ml PBS containing 0.5 mg/ml Proteinase K (Boehringer, Mannheim) and the trays kept for 45 min on a shaker at 0 °C. The cells were resuspended with a pipette and washed three times with cold MEM containing 20 mM-HEPES and 0.2% BSA. The ceils were suspended into complete medium and replated into new Linbro trays. After 2.5 h at 37 °C in a CO2 incubator, 0.5 ml MEM with 20 mM-HEPES and 0.2% BSA was added to each well and the incubation continued at 37 °C for 4 h. The media were then collected, spun for 5 min in a table top centrifuge, and the SFV titre determined by the [3H]uridine assay. For this assay triplicate 250 ~tl samples, diluted threefold with the MEM medium, were used.
RESULTS

The 13H]uridine incorporation assay
To assay for SFV penetration and infection in the presence and absence of inhibitors we determined the incorporation of [3H]uridine into virus RNA. Actinomycin D was added 2 h post-infection to inhibit cellular RNA synthesis, followed by [3H]uridine at 2.5 h post-infection. After a 2.5 h labelling period the cells were washed, subjected to TCA precipitation, and the cell-associated 3H radioactivity measured. The [3H]uridine incorporation obtained when cells were infected with variable amount of SFV (1 to 200 p.f.u./cell) is shown in Fig. 1 . The assay is rapid, simple, accurate and monitors one of the earliest events in the virus replication cycle, thus reflecting the efficiency of penetration more faithfully than later events . The assay was performed with quadruplicate samples in 24-well Linbro plates as described in Methods. The virus dilutions were added to the wells in 0.25 ml medium. The standard deviation between the four parallel samples is shown. The amount of incorporation showed daily variations; separate standard curves were included in all experiments. 
Inhibition by lysosomotropic agents
An inoculum of 20 p.f.u./cell was used to test the efficiency of the lysosomotropic weak bases in inhibiting virus RNA synthesis. All five weak bases tested proved effective inhibitors (Fig. 2) . The maximal inhibition was more than 90% of the uninhibited [3H]uridine incorporation in each case. Fifty% inhibition was obtained at 0.05, 0-5, 2, 5 and 5 mM concentrations of chloroquine, amantadine, tributylamine, methylamine and NH4CI respectively. The efficiency of amantadine and chloroquine was somewhat variable from one experiment to the other, whereas the other inhibitors were highly reproducible. Two-to fourfold higher concentrations were not toxic to cells when tested over a time period of 2.5 h. In the absence of added virus and actinomycin D, cell viability, cellular RNA synthesis and cellular protein synthesis remained normal (Table 1) . Fig. 3 . Effect of the five inhibitors when present before, during or after virus adsorption. The inhibitors were either included (+) or omitted (-) during the 30 min preincubation period, the 60 min virus adsorption period (20 p.f.u./cell) or the 3.5 h infection period. In each block the order of the inhibitors was the same: 1, 20 mM-NH4CI; 2, 0.5 mM-amantadine; 3, 20 mM-methylamine; 4, 4 mM-tributylamine; 5, 0.1 mM-chloroquine. All incubations were performed at 37 °C in a CO 2 incubator. The time of addition of the lysosomotropic agents was critical. If present during a 30 min preincubation, but absent during virus adsorption (1 h) and a single cycle infection period (3.5 h), the inhibitors had only marginal effect (average 12% inhibition, Fig. 3 ). If present during the 30 min preincubation and the 1 h virus-adsorption period, but absent during the infection period, intermediate infection was observed (average inhibition 61%). Full inhibition (87 to 96 %) was observed only when the inhibitors were present both during adsorption and infection. When added 1 h after the virus, partial (11%) inhibition was observed. These results indicate that the first hour of virus-cell contact is the critical period for inhibition. The effects are reversible when the agents are removed and partially reversible even after prolonged virus-cell contact.
A more detailed time course for the inhibition during the first hour was determined by adding the inhibitors at different times after the virus. Fig. 4 shows that the earlier the inhibitor was added the greater the efficiency of inhibition. Within experimental error, the time course of all five agents was similar. Half inhibition occurred when the inhibitors were added 
Effects of lysosomotropic agents on virus uneoating
The finding that the lysosomotropic agents had only a marginal effect on virus RNA synthesis if added 1 h post-infection (Fig. 3, 4) shows that RNA replication activity is not directly affected by these agents. In previous studies on the inhibition of influenza virus infection by amantadine and rimantadine, it has been shown that the uncoating, or penetration, are inhibited and that the virus RNA does not reach the cytoplasm (Kato & Eggers, 1969; Koff & Knight, 1979) . To determine if a similar effect was also true for SFV we applied the approach used by Koff & Knight (1979) . This relies on the observation that in the intact virus the virus RNA is inaccessible to RNase, whereas with the uncoated nucleocapsid the RNA becomes accessible and easily digested. RNase sensitivity can thus be used as a criterion for uncoating.
[3H]uridine-labelled SFV was allowed to bind to cells in the presence or absence of lysosomotropic agents at 0 °C. At this temperature SFV binds to cells but is not internalized (Marsh & Helenius, 1980) . After washing, the cells were warmed to 37 °C for different times, removed from the substrate by scraping and lysed in an isotonic buffer which minimizes rupture of the cellular organelles (Harms et al., 1980) . A mixture of nucleases (RNase A and T, and microcoecal nuclease) was added to the homogenate and incubated at 37 °C for 30 min. The amount of virus RNA that remained undigested was finally determined by precipitation with TCA.
As controls we subjected the [3H]uridine-labelled SFV alone, or cells which had bound the virus to their surface in the cold, to the lysis and digestion procedure in the presence and absence of chloroquine (0.1 raM) or NH4C1 (20 raM). It was found that 92 to 100% of the RNA remained acid-precipitable. However, in both cases, if 0.1% Triton X-100 was added less than 5 % of the [3H]uridine was recovered in acid-precipitable form. Thus, in the intact viruses the RNA is protected and is not rendered accessible to added nuclease by the homogenization procedure. About 50% of the lysosomes in the homogenate were intact as judged by the latency of a lysosomal enzyme, N-acetylglucosaminidase (Harms et al., 1980) . Fig. 5 shows the change in accessibility of virus RNA when the cells were kept at 37 °C for different periods of time. In the absence of chloroquine, or NH4C1, the accessibility of virus RNA increased progressively from 8% to 70% of the total during the first hour, indicating L ysosomotropie agents inhibit SFV penetration * To 50/A of a SFV stock solution containing 1.2 x 10 ~° p.f.u./ml 50 ~1 of inhibitor solution was added in MEM containing 10 mM-HEPES pH 6.8 and 0.2% BSA. The mixture was incubated for 5 min in a 37 °C heating block and diluted 100-fold with ice-cold inhibitor-free medium. Aliquots (0-25 ml) were used in quadruplicate [3Hluridine incorporation assays. * Reactions were set up on ice containing 3 mM-liposomes (PE/PC/Sph/Cho; 1 : 1 : 1 : 1.5), 20 mM-HEPES, 0.3% BSA, the indicated amount of inhibitor, and enough NaCI to bring the ionic strength of the mixture to 0.15 M. The pH of the solutions was adjusted to 7-3, trace amounts of [3H]uridine SFV were added, and the samples were fused as described by Helenius et aL (1980a) . that the viruses were uncoated with a half-life of 30 to 40 min. Thus,~the time course of uncoating resembled that observed above for the sensitivity to lysosomotr0pic agents (Fig. 4) and the two phenomena appear at least temporally connected. This connection was further confirmed by the finding that both chloroquine and NH4CI markedly reduced the change of the virus RNA into the nuclease-sensitive form (Fig. 5) . During 1 h, NH4C1 (20 raM) and chloroquine (0-1 mr, l) reduced uncoating to 5% and 15% of total celt-associated virus respectively (Fig. 5 a, b) . These results indicated that the two agents inhibited the transfer of virus RNA from the protected virus form to an unprotected, presumably cytoplasmic, form. The variation in the amount of unprotected virus RNA in the two experiments may reflect the difference in the efficiency of inhibition by these agents at the concentrations used (see Fig. 2) . 
Effects of lysosomotropic agents on binding, endocytosis and membrane fusion
The above results indicate that S F V entry is blocked prior to uncoating o f the virus R N A . T o further characterize the block we tested several events k n o w n to be involved in the virus entry process. Firstly we established that preincubation o f S F V with any o f the five inhibitors at concentrations three-to tenfold higher than those required for inhibition, did not alter the infectivity, which excludes the possibility of a direct irreversible effect on the virus particles (Table 2) . Previously, we determined that these five agents had no significant effects on binding of SFV to the cell surface in the cold, or on the rate of uptake of prebound SFV during a 30 min period at 37 °C (Marsh & Helenius, 1980) . The pH-dependent membrane fusion activity of the virus with liposomes was also unaffected by high concentrations of these agents (Table 3) .
We did, however, observe partial inhibition of the intracellular degradation of virus protein in the cells ( Table 4 ) which suggested that at least part of the observed degradation occurred in lysosomes (De Duve et al., 1974) . The reasons for the variable effect of the agents are not clear, but it is known that in addition to the general inhibition of acid hydrolases, by an increase in pH, some lysosomotropic agents display direct inhibitory activities on individual enzymes (Wibo & Poole, 1974) .
Fluorescence microscopy, with fluorescein-labelled SFV, and transmission electron microscopy on thin sections were used to study, morphologically, the effect of the inhibitors on virus internalization. Fig. 6(a, b) shows cells which have been allowed to internalize fluorescent SFV for 1 h at 37 °C in the absence (a) and in the presence (b) of 0.1 mMchloroquine. Both pictures show a single cell and the fluorescence is seen intracellularly. The intracellular localization has previously been demonstrated by the non-accessibility of the fluorescent viruses to Proteinase K which removes the surface-bound viruses, and by the inability to double label the viruses using rabbit antibodies to SFV spike glycoproteins and rhodamine-labelled goat anti-rabbit antibodies (Helenius et al., 1980a) . The only difference observed in morphology is that some of the vacuoles in the presence of chloroquine were * + and -are used to denote presence or absence of 15 rnM-NH4CI in the medium. "i" ND, not done. ~: Virus titres were the average incorporation in three parallel samples.
enlarged when compared with the controls. The fluorescent vacuoles seen in the control cells were seldom larger than 2/ma in diam., whereas the chloroquine-containing vacuoles were frequently as large as 7 ~rn and typically had a ring or half moon-like appearance suggesting that the fluorescent virus was concentrated on the membranes. Electron microscopy ( Fig. 7) revealed that the large vacuoles present in the chloroquine-treated cells contained morphologically intact viruses as well as other membranous and amorphous material. The chloroquine-treated cells were highly vacuolated as previously described in several cell systems (Federko et al., 1968; Wibo & Poole, 1974) .
Intracellular versus surface-associated penetration
As receptor-mediated endocytosis of SFV is not inhibited by the agents, it is important to provide evidence that endocytosis does indeed play a role in infection and that endocytosed virus particles are capable of infecting cells. Viruses (20 p.f.u./cell) were bound to cells in the presence of chloroquine (0.1 mM) or NH4C1 (20 mM) for 1 h at 0 °C. The cells were briefly (10 rain) warmed to 37 °C, to allow some of the bound viruses to be internalized, and then cooled and treated with Proteinase K, which removes more than 90% of the cell surface-bound viruses (Helenius et al., 1980a; Marsh & Helenius, 1980) . Following Proteinase K treatment the cells were replated and grown in the absence of inhibitors. After the time required for a single cycle of infection the supernatants were assayed for the amount of SFV produced.
The rationale of the experiment is that since inhibitors are present during the warming period and during the removal of extracellular bound virus, the virus titre scored at the end of the experiment should reflect infection by intracellular viruses only. Several controls were required to verify this assumption. The positive control (sample 1, Table 5) shows that efficient infection was obtained when inhibitors were absent at all stages. The negative control (sample 2) shows that the inhibition was essentially complete when 20 mM-NH4CI was present throughout. If the warming period was omitted before Proteinase K treatment virtually no infection occurred irrespective of whether NH4C1 was present or absent (samples 4 to 6). This indicated that the Proteinase K digestion was capable of effectively removing the infective viruses from the cell surface. Therefore, the fact that sample 3 (the experimental sample) showed a considerable titre indicated that infection of cells does occur under conditions where no surface-bound infective viruses are present. This experiment demonstrates (i) that the cells can be infected by intracellular viruses and (ii) that the inhibitor block affects an intracellular event. The titre obtained was about half of the titre in the positive control. A possible explanation for the difference may be that during the 55 rain period in which inhibitors were present, parts of the intracellular viruses were degraded (see Fig. 2 ). With chloroquine, very similar results were observed.
DISCUSSION
Our studies (Helenius et al., 1980a, b) on the infection of BHK-21 cells by SFV have suggested that lipophilic amines inhibit virus entry by elevating the intralysosomal pH (de Duve et al., 1974; Ohkuma & Poole, 1978) . We argued that the elevation in pH would prevent the fusion between the virus and the lysosomal membrane needed to transfer the virus genome into the cytoplasm. Increasing evidence indicates that penetration of the SFV genome into a cell involves membrane fusion and that the most likely site for penetration is the secondary lysosome (Helenius et al., 1980a, b; White et al., , 1981 . In vitro studies, with liposomes as target membranes, show that a drop in pH to 6 or below induces fusion between the liposomal and the SFV membranes, resulting in transfer of the virus nucleocapsid into the liposomes (Helenius et al., 1980a; . Fusion between the virus membrane and the plasma membrane of intact cells can be induced by a drop in pH, and in this case the cells were infected . This demonstrated that low pH-activated membrane fusion can introduce the nucleocapsid into the cell in an infective form. Under physiological conditions, penetration occurs intracellularly rather than at the cell surface. This has been shown by biochemical studies (Helenius et al., 1980a) and is illustrated by the experiment described in this study where infection was obtained after removal of the surface-bound viruses. In the endocytotic pathway the lysosomes are the only organelles known to have a pH low enough to trigger fusion (de Duve et al., 1974) .
The present results with five different lipophilic amines support the notion that, despite a wide difference in structure, these amines have similar inhibitory mechanisms. We find that the effect of all five agents is reversible and is expressed with a similar time dependence during the first hour of virus-cell contact. None of the agents affects binding, endocytosis or, apparently, the intracellular localization of SFV. Two agents (chloroquine and NH4CI) were shown to affect an intracellular step in infection which involved, or preceded, the virus uncoating. None of the agents had a direct virucidal effect, nor did they affect the low pH-dependent fusion activity of SFV in vitro. From previous studies we know that at least three of the agents (chloroquine, methylamine and NH4CI) have no effect when cells are infected by fusion of SFV directly with the plasmalemma . Lipophilic amines have many effects on cells. They are known to suppress the activity of lysosomal hydrolases (Liu & Schofield, 1973; Wibo & Poole, 1974) and some affect other cellular enzymes such as transglutaminase (Davies et al., 1980) . They inhibit catabolic functions (Goldstein et al., 1975; Seglen, 1975; Amanta et al., 1978; Seglen et al., 1979) , cause extensive vacuolization of the cytoplasm (Federko et al., 1968; Wibo & Poole, 1974; de Duve et al., 1974) , increase the release of lysosomal enzymes (Riches & Stanworth, 1980; Gonzalez-Noriega et al., 1980) , inhibit the recycling of surface receptors (Tietze et al., 1980; Gonzalez-Noriega et al., 1980; King et al., 1980) , affect the redistribution of surface-bound ligands (Maxfield et aL, 1979) and some bind to DNA (Cohen & Fielding, 1965) . Most of the common effects can be attributed to the well-known accumulation of the lipophilic bases into the lysosomal compartment (Allison & Young, 1964; de Duve et al., 1974) where their primary effect, documented quantitatively by Ohkuma & Poole (1978) , is a rapid, but reversible, elevation of the lysosomal pH.
All five of the agents used in this study are lysosomotropic and have been shown to increase the pH in macrophage lysosomes (Ohkuma & Poole, 1978) . Their efficiency in inhibiting SFV infection (Fig. 1 ) parallels their efficiency in increasing the lysosomal pH (Ohkuma & Poole, 1978) . Thus, the concentrations of chloroquine, tributylamine, methylamine and NH4CI resulting in 50% inhibition of virus RNA synthesis (0.05, 0.5, 2 and 5 mM respectively) are known to raise the pH in macrophage lysosomes from pH 4-5 to about 6 (Poole & Ohkuma, 1981) . The titration curves are no, yet available for amantadine. The pH threshold for SFV membrane fusion is pH 6, measured for fusion of SFV with liposomes and with the cell plasmalemma . The same threshold pH has been measured for SFV-induced cell fusion (White et al., 1981) and for the bypass of chloroquine, methylamine and NH4C1 inhibition of infection .
The common lysosomotropic effects of the five agents, and the similarity in their inhibitory action, strengthens our notion that the lysosomes (or some other low pH compartment of the endocytotic pathway) serve as the site of SFV penetration, and that the low lysosomal pH is critical in the penetration reaction. The most likely mode of action is that by raising the pH in the lysosomes above a critical threshold needed to trigger fusion, the agents prevent transfer of the nucleocapsid into the cytoplasmic compartment. Instead the viruses accumulate in the lysosomes and are slowly degraded because the hydrolytic activity is not fully inhibited. The final proof for our hypothesis that lysosomes are the portal of entry of the virus genome requires the isolation of lysosomes from infected cells and the biochemical localization of the penetration reaction to this organelle. That such an approach may be successful is suggested by the results of Friedman & Sreevalsan (1970) who found that the parental RNA of SFV could be found shortly after infection in a replicative intermediate form associated with the mitochondrial-lysosomal organelle fraction.
The pH in the lysosomes increases within 2 min after addition of the five agents (Ohkuma & Poole, 1980) . The block in entry can therefore be expected to be almost instantaneous. The pH also rapidly drops when the agents are washed away which explains the reversibility of the inhibition. We found that whereas the first viruses had already passed the step of inhibition after 5 min of virus-cell contact (see also Helenius et al., 1980a) , the average time for the virus to reach this step was 30 to 40 min. After 30 to 60 min the first signs of virus degradation could be observed (Helenius et al., 1980a; Marsh & Helenius, 1980) . This type of lag is frequently observed in the lysosomal degradation of endocytosed ligands. As the coated vesicle, the primary endocytotic vesicles of virus uptake, exists only at most for a few minutes (Brown & Goldstein, 1979) , it must be assumed that the viruses remain for about 30 min in the endosomes. These are prelysosomal vacuoles frequently described as an intermediate station in the endocytotic processes (Friend & Farquhar, 1968; Holtzman, 1975; Tolleshaug et al., 1977; Dunn et aL, 1980; . In electron micrographs they are seen as smooth-surfaced vacuoles containing several viruses and sometimes other membranous material . They are devoid of lysosomal marker enzymes and apparently have a pH above that required for SFV fusion.
Lipophilic amines have long been known to inhibit infection of tissue culture cells by a variety of enveloped viruses. The effect of ammonium ions on influenza virus infection was described independently by Jensen et al. (1961) and Eaton & Scala (1961) , and was later extended to a large number of aliphatic amines (Jensen & Liu, 1963; Fletcher et al., 1965) . The inhibitory effect of chloroquine has been reported with myxoviruses (Inglot, 1969; Schimizu et al., 1972; Matlin et al., 1981) , rhabdoviruses (Schimizu et al., 1972; , retroviruses (Pazmino et al., 1974) , togaviruses (Inglot, 1969 , Helenius et al., 1980a Talbot & Vance, 1980) , paramyxoviruses (Inglot, 1969; Schimizu et al., 1972; Durand et al., 1970) , herpes viruses (Lancz et al., 1971; Banfield & Kirsch, 1973) and mouse hepatitis virus (Malucci, 1966) . Amantadine and related compounds have been shown to inhibit at least myxoviruses (Davis et al., 1964; Hoffman et al., 1965; Kato & Eggers, 1969) , paramyxoviruses (Skehel et al., 1977) , togaviruses (Oxford & Schild, 1965; Helenius et al., 1980a, b) and retroviruses (Wallbank et al., 1966; Rhim et al., 1972) . In cases where detailed information is available the results seem quite similar; the agents affect an early stage of virus infection, prior to virus RNA replication and protein synthesis. They do not exert direct virucidal effects, they do not affect the ability of the virus to bind to the cells, nor do they inhibit the RNA polymerase activities. In the case of amantadine and related compounds, which have been extensively studied due to their usage as prophylactic drugs against influenza A, it seems clear that the inhibition involves either the release of the virus genome into the cytoplasm or its uncoating (Kato & Eggers, 1969; Koff & Knight, 1979) .
The observed similarities in the inhibition of SFV and other enveloped viruses by lysosomotropic weak bases suggest common features in the entry of these viruses. Morphological studies show that a large fraction of cell-bound viruses, regardless of family or origin, are internalized into lysosomes (for review, see Dales, 1973) . In recent studies we have shown that low pH-dependent membrane fusion activity is a common property of several enveloped animal viruses: vesicular stomatitis virus (a rhabdovirus), fowl plague virus, human influenza virus (myxoviruses) and SFV (a togavirus) were all found to fuse cells together and to fuse with cell surfaces provided that the pH of the medium was lowered (White et al., 1981) . Fusion of cells at low pH has also been described by others for SFV, Sindbis virus, rubella virus and influenza virus (V~i~iniinen & K~i~ri~iinen, 1980; Maeda & Ohnishi, 1980; Huang et al., 1981) . Only those influenza viruses which have the cleaved form of the haemagglutinin molecule possess fusion activity (Huang et al., 1981; White et al., 1981) suggesting that this spike glycoprotein is involved in the low pH-triggered fusion. This result also suggests a connection between the low pH-dependent fusion activity and infectivity, since precursor influenza viruses with uncleaved haemagglutinins are non-infective (Lazarowitz & Choppin, 1975; Klenk etal., 1975) .
The present results thus suggest that the entry pathway described for SFV is being shared by other enveloped animal viruses, and that the lipophilic amines inhibit a low pH-dependent fusion reaction in the lysosomes. At this stage it is too early to decide whether other mechanisms are involved. Systematic studies correlating the infectivity, fusion activity and the intralysosomal pH are required as well as additional studies on the entry pathways utilized by the various viruses. The elucidation of the inhibitory mechanisms by lipophilic amines is of general interest because drugs such as amantadine are being increasingly used in the prevention and treatment of virus diseases (see NIH Consensus Development Conference 1979). The use of lysosomotropism as a chemotherapeutic principle has long been advocated by de Duve and co-workers (de Duve et al., 1974) and the development of improved agents may be feasible when the principle of action of the lipophilic amines as antiviral drugs is better understood.
